Introduction
Although compounds of the type R3SnOSP(O R' ) 2 [1, 2] and R 3 SnS2P (O R ' ) 2 [3] (R, R ' = alkyl or aryl) have been known for many years, until now representatives of organotin com pounds of the type (R3Sn)3P 0 3S have not yet been published. In a previous study, we have found that (Me3Sn)3PS4 can be prepared by the reaction of (Me3Sn)2S with PSC13. A n X-ray diffraction struc tural analysis shows that (M e3Sn)3PS4 consists of dis crete monomeric molecules in which both tin and phosphorus atoms are four-coordinate [4] . The synthesis of tris-(triorganotin) orthophosphate (R3Sn)3P 0 4 (R = Me [5] , E t [6 ] , n-Bu [7] , Ph [8 ] ) has been reported. (n-Bu3Sn)3P 0 4 has been introduced as a wood preservative fungicide [9] .
In this paper the synthesis and characterization of (Me3Sn)3P 0 3S are described.
Results and Discussion
A n aqueous solution of trimethyltin chloride reacts with an aqueous solution of Na3P 0 3S • 12H 20 under cooling to give immediately a white precipi tate of (Me3Sn)3P 0 3S in relatively good yield. Rapid filtration of the product should be carried out to avoid the hydrolysis of the thiophosphate to the cor responding phosphate. No precipitate is instantly formed if aqueous solutions of M e3SnCl and Na3P 0 4 12H 20 are mixed under the same con ditions. However, large crystals of hydrated (Me3Sn)3P 0 4 are formed in a mixture of aqueous solutions of Me3SnCl and Na3P 0 4-12 H 20 when left for a few days in a beaker at ambient tem perature. The reactions of organotin chlorides with sodium salts of phosphorus oxy acids in aqueous medium have been used to synthesize organotin derivatives of phosphorus oxy acids [5, 10] .
For (Me3Sn)3P 0 3S, a single phosphorus reso nance is observed at d = 15 ppm in the 31P NM R spectrum. (Me3Sn)3P 0 4 and (Me3Sn)3PS4 display the 31P signal at d = -4.4 ppm [11] and 79 ppm [4] respectively. As expected, replacem ent of an oxy gen atom of the P 0 4 group by sulfur causes a shift of the 31P resonance to lower field.
Vibrational spectra
The infra-red and Raman frequencies of (Me3Sn)3P 0 3S are shown with the relative inten sities and assignments in Table I. O f special interest are the assignments of P 0 3S vibrations, which should be indicative of the struc ture of (Me3Sn)3P 0 3S. The spectra show no band between 1200-1300 cm-1 assignable to t>(P=0) ex pected for unassociated (Me3S n 0 )2(Me3SnS)P=0. Accordingly, this structure can be excluded. The t>(P=0) band for (CH30 ) 2 (CH3S )P = 0 is observed
The very strong bands at 589 and 578 cm-1 (IR) and the weak line at 592 cm-1 (Ram an) are ascribed to u(P-SSn). Comparison of the vibrational spectra of (Me3Sn)3P 0 3S and (Me3Sn)3P 0 4 [5] supports the v(P-S) assignment.
The t>(P-SSn) bands of the compounds Me3SnOSPR'R" (R 'R " = Me2, PhMe, Ph2) ap pear in the region 542-628 cm4 . Compounds Me3SnOSPR'R" have been shown to contain poly meric chains of Me3Sn linked by O SPR'R" bidentate bridges [13] . Monomeric (Me3SnO)3P=S is expected to exhibit t>(P=S) at higher frequency than the observed v(PS). The vibrational spectrum of (Me3SnS)3P=S shows u(P=S) at 652 cm-1 (IR) and at 644 cm-1 (Ram an) [4] . Compounds R 3 SnOSP(OCHM e2) 2 (R = Me, Ph) which are as sumed to contain S n -O -P and P=S bonds show v(P=S) at 770 cm-1 in the infra-red spectra [1] . In addition monomeric (Me3SnO)3P=S with C3v local symmetry of the 0 3 P=S group is expected to exhib it two bands in the P 0 3 stretching region namely, t>s( P 0 3)Aj and uas( P 0 3 )E. The appearance of three very strong bands in the v (P 0 3) absorption region (1125, 1063 and 973 cm"1) in the IR spectrum of (Me3Sn)3P 0 3S and the occurrence of v(PS) at rela tively low frequency rule out the monomeric (Me3SnO)3P=S structure. On the other hand the physical properties such as melting point, solubility behaviour and 31P NMR spectrum show no indica tions for the presence of a (Me3S n 0 )2(Me3SnS)P=0 and (M e3SnO)3P=S isomeric mixture. Thus, the oxygen and sulfur atoms in (Me3Sn)3P 0 3S function as S n -O -P and Sn-S-P bridges, which lead to a polymeric structure. The band at 973 c m 1 is attributed to t>s( P 0 3). The two bands at 1125 and 1063 c m 1 are assigned to t>as( P 0 3) resulting from lowering of C3v local sym m etry of the P 0 3 group. The band at 1155 c m 1 can be assigned to the first overtone of the 578 cm4 band in Fermi resonance with v^P O^ at 1125 cm-1. The frequencies of the Me3Sn groups are assigned by comparison with the vibrational spectra of Me3Sn containing compounds [4, 5, 13] . The SnC3 skeleton with C3v local symmetry is expected to show two bands [us(SnC3)A 1 and t>as(SnC3)E] in the SnC3 stretching region in both infra-red and Raman spec tra, whereas SnC3 with D 3h local symmetry is ex pected to exhibit one band [vas(SnC3)E '] in the infra-red and two bands [t>s(SnC3)A 'j and uas(SnC3)E '] in the Ram an spectrum. The bands at 560,551, and 538 cm-1 (IR) and the band at 548 with shoulders at 562 and 536 cm-1 (Ram an) are attrib uted to ^(S n C ,). The band at 512 (IR) and the 514 cm-1 line (Ram an) are ascribed to us(SnC3). Consequently, the i>(SnC3) frequencies are consist ent with the presence of both pyramidal and planar SnC3 groups.
On the basis of these observations, coupled with the P 0 3S stretching modes, a polymeric structure for (Me3Sn)3P 0 3S with tetra-and penta-coordinated tin atoms can be suggested (Fig. 1) . Similar polymeric structures with pyramidal and planar SnC3 groups have been proposed for (R 3 Sn)20 3P R ' [14] (R = C4H 9, R ' = CH3, C8H 17, CH2C6H 5) and (Bu3Sn)3P 0 4 [15] ,
Mass spectrum
The E l mass spectrum (70 eV) of (Me3Sn)3P 0 3S shows the following characteristic tin-containing ions (m/e (% )): Me8Sn3P 0 3 S+ 587 (10), Sn+120 (14) .
The m olecular ion is absent, but the mass spec trum shows the molecular ion minus a methyl group (M e8Sn3P 0 3 S+ 587 (10)). The appearance of the (M e3Sn)2 S+ peak and the peaks originating from the successive loss of methyl groups from this ion rep resent a characteristic feature of the spectrum. (M e3Sn)2 S+ could be accounted for by the loss of Me3S n P 0 3 from the molecular ion (Me3Sn)3P 0 3 S+. The form ation of (Me3Sn)2 S+ indicates that the fis sion of the P -S bond is indeed preferred to that of a P -O bond. This is consistent with the greater strength of the phosphorus-oxygen bond as com pared to the phosphorus-sulfur bond. We have found that (M e3Sn)2 S+ and its fragments are also a feature of the mass spectrum of (Me3Sn)3PS4.
Experimental
The IR spectra were obtained with a PerkinElm er 577 spectrophotom eter equipped with Csl windows; Nujol or Hostaflon mulls were used. The R am an spectrum was recorded with a Cary 82 in strum ent with argon laser excitation (A 514.5 nm).
T h e 31P NMR spectra were obtained of CH2C12 solu tions with Bruker AM 400,85% H 3P 0 4 was used as external standard. Mass spectra were recorded on a Varian M AT CH 7 A instrum ent (E l 70 eV). The elem ental analyses were perform ed by the analyti cal laboratory of Fachbereich Chemie der Univer sität Marburg, Germany.
Literature procedure was used to prepare Na3P 0 3 S 1 2 H 20 [16] .
Preparation o f (Me3Sn)3P 0 3S
A solution of N a3P 0 3S • 12H 20 (2 g, 5 mmol in 10 ml H 20 ) was added with stirring to an aqueous solution of Me3SnCl (3g, 15 mmol in 10 ml H 20 ) placed in a beaker and cooled with an ice bath. The instantly formed precipitate of (M e3Sn)3P 0 3S was rapidly filtered off, washed with small amounts of cold water and dried in vacuum. The yield was 2.3 g (76%). The product is insoluble in hexane, ben zene, ether and soluble in C H2C12 and CC14. (M e3Sn)3P 0 3S was recrystallized from CH2C12 sol ution by addition of «-hexane, m.p. 109-111 °C. I am grateful to Prof. Dr. K. Dehnicke (Fachbe reich Chemie der Universität Marburg, Germany) for providing access to instrum entation facilities.
